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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
TECHNICAL MEMORANDUM X-892

STATIC LONGITUDINAL AND LATERAL
AERODYNAMIC CHARACTERISTICS AT MACH NUMBERS OF 1.kl
AND 2.20 OF A VARIABLE-SWEEP AIRPLANE CONFIGURATION

HAVING BODY-MOUNTED NACELLES WITH CONICAL INLETS*

By Gerald V. Foster
SUMMARY

The longitudinal and lateral aerodynamic characteristics of a variable-sweep
airplane configuration have been investigated in the Langley 4- by L-foot super-
sonic pressure tunnel at Mach numbers of 1.41 and 2.20. The configuration
employed body-mounted nacelles with conical-spike inlets and was tested with
various nacelle arrangements and with wing sweep angles of both 65° and 80°.

The results indicated reasonably linear longitudinal stability and control
characteristics. The maximum untrimmed values of lift-drag ratio were relatively
low for all complete configurations, being in the range from about 4.7 to 5.3.
None of the nacelle arrangements investigated caused any decrease in maximum 1lift-
drag ratio, however, and one arrangement provided a small increase in lift-drag
ratio resulting from a favorable effect on drag due to 1ift. The complete con-
figurations had a positive effective dihedral and a reasonably high level of
directional stability that was essentially invariant with angle of attack.

INTRODUCTION

The NASA is currently conducting studies directed toward the development of
multimission fighter airplanes incorporating variable-wing sweep as a means of
combining efficient subsonic and supersonic flight characteristics. (See ref. 1.)
The airplane is to be capable of performing a mission which entails short-field
take-off and landing, a long range for subsonic ferrying or loitering, and low-
altitude supersonic flight.

. This paper extends the results of the general study of multimission aircraft
to include a variable-sweep airplane configuration having twin external body-
mounted engine nacelles with conical inlets and conventional tail surfaces. Wing
sweep angles of 659 and 80° were studied in order to cover the range of interest

*Pitle, Unclassified.
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at supersonic speeds. The investigation was made in the Langley 4- by 4-foot
supersonic pressure tunnel and includes both the longitudinal and lateral sta-
bility characteristics for various configurations. Aerodynamic characteristics
of this model are presented in reference 2.

SYMBOLS

Force and moment coefficients presented herein are referred to the body-
axis system except for 1lift and drag coefficients, which are referred to the wind-
axis system. The coefficients are based on the wing geometry of the respective
configurations. The moment reference is located at a station corresponding to
51.6 percent and 51.0 percent of the body length for wing sweeps of 65° and 80°,
respectively.

b wing span
. Drag
Cp . drag coefficient, 35
C 1ift coefficient, Liit
i Rolling moment
Cy rolling-moment coefficient, -
gsb
o Cy
CIB effective-dihedral parameter, S8
Cn pitching-moment coefficient, Pltchlng_moment
qSc
. .. Yawing moment
Cn yawing-moment coefficient,
aSb
s s Cp
CnB directional-stability parameter, S-—
Cy side~-force coefficient, §3§§—§9££9
a
oCy
CYB side-force parameter, ——
c wing mean geometric chord



: c
L/D lift-drag ratio, E%

(L/D)pax meximum lift-drag ratio

M '~ Mach number

q free-stream dynamic pressure

S wing area including intercept

a angle of attack, deg

B angle of sideslip, deg

5y, horizontal-tail deflection, deg
A sweep angle of leading edge of outboard wing panel, deg
Components:

B body

W wing

Vv vertical tail

H horizontal tail

N nacelle

MODEL AND APPARATUS

Details of the model are presented in figure 1 and table I.

The model was

provided with interchangeable wings having the outer panels swept back 65°
and 80°., 1In addition, the tail surfaces and nacelles were designed in a manner

that permitted testing various combinations of components.

TESTS, CORRECTIONS, AND ACCURACY

The test conditions were as follows:

Mach numbET « v v v v v e e e e e e e e e e e e e e e 1.4
Reynolds number based on ¢ of 80° swept wing . . . . . 1.51 X 106
Stagnation pressure, 1lb/sq ft . . . . . . . . . . . .. 1, 440
Stagnation temperature, OF . v v vt e e e e e e e e 110

e

2.20

1.13 x 109
1,440
110



The stagnation dewpoint was maintained sufficiently low (-25° or less) to
prevent condensation effects in the test section. The angles of attack and side-
slip were corrected for deflection of the balance and sting under load. The pres-
sure measurements were made at the annulus of the nacelle base and within the
balance chamber. The drag force was adjusted so that nacelle base pressure and
balance-chamber pressure corresponded to free-stream static pressure. The nacelle
exits were equipped with cylindrical plugs having a conical forebody to provide
approximately choked exit conditions. These plugs were supported from the model,
and hence no base drag due to the plugs was measured by the balance. The exit
pressures were measured by two static-pressure tubes and twelve total-pressure
tubes. The internal drag of the nacelles was then determined from the change in
momentum from free-stream conditions to conditions measured at the nacelle exit.
The internal-drag-coefficient corrections for the various nacelle arrangements,
based on the geometry of the 65° swept wing, are as follows:

Internal drag coefficient at -
Nacelle
M=1.41 M=2.20
Small horizontal outboard 0. 0022 0.0052
Small horizontal inboard | = @ —----- . 0052
Small lower outboard | =00 o—oeeaa .0052
Large horizontal outboard | =  —--=w- . 0059

Change in sweep of the outer wing panels from 65° to 80° had no effect on the
internal drag of the small horizontal outboard nacelles. The nacelle exit plugs
introduced an interference on the nacelles which resulted in a decrease in the
drag level of the model. Estimates indicate that the drag coefficient of the
65° swept-wing configuration at a = 0° and M = 2.20 would be as much as
0.0010 greater if these interference effects were accounted for. In order to
assure a turbulent boundary layer, a l/8—inch band of No. 80 carborundum grains
was applied to the wing and tail surfaces at 5 percent of the local chord. Simi-
lar roughness was applied to the body, nacelles, and nacelle struts.

The estimated accuracy of the data, reduced to coefficients on the basis of
the geometry of the 80° swept wing, is as follows:

M=1.41 M =2.20
Cr, - +0.00L6 +0. 0064
Cp - +0. 0003 +0.0005
Cp - . *0.0010 +0. 001k
o . C e R +0. 0003 +0. 000k
Cp, .. +0. 0009 +0.0012
CY & ¢ e e e e e e e e e e e e e e e e e e e e e e .. *0.00W6 +0. 006k
Qy GEE v+ + v e e e e e e e e e e e e e e e e e e +0.1 $0.1
€ =Y - +0.1 0.1
o Y 0.1 0.1



RESULTS

The results of this investigation are presented in the following figures:

Figure
Longitudinal Characteristics:
Effects of various components; A = 80° M =1.41 . . . . ... ... 2
Effect of horizontal-tail deflection; A = 80°; M = 1.4 . . . . . 3
Effect of horizontal-tail deflection; A = 650; M=2.20 .. .. .. L4
Effect of horizontal-tail deflection; A = 80° M =2.20 . . . . . . 5
Effect of various nacelles; A =65 M =2.20 . . . . . « . . . 6
Lateral Characteristics:
Effect of vertical tail on lateral aerodynamic characteristics of
model; A = 650; M =2.20. . . . .
Effect of vertical and horizontal talls on lateral stablllty
derivatives; A =809 M =1.41 . . . . .. e e e e e e 8
Effect of vertical tail on lateral stability derlvatlves,
=65°; M=2.20 . . .. 9
Effect of vertical and horlzontal talls on lateral stablllty
. derivatives; A =809 M =2.20 . ¢« v « v « « 4 ¢ 4« 4 4 e 4 e e e e .. 1O

The longitudinal stability and control characteristics are reasonebly linear
. for each configuration investigated (figs. 3 to 6). Maximum untrimmed values of
L/D are relatively low for all complete configurations, being in the range from
about 4.7 to 5.3. Results obtained by varying the nacelle size and position for
the 65° wing configuration at M = 2.20 (fig. 6) indicate that each nacelle
arrangement provides an increase in 1lift but has little effect on the longitudinal
stability characteristics. It is interesting to note that none of the nacelle
arrangements investigated caused any decrease in (L/D)max’ and the small horizon-

tal inboard nacelle provided a small increase in L/D resulting from a favorable
effect on drag due to 1lift.

The lateral aerodynamic characteristics presented in figure T are typical
of the linearity of all the bagic sideslip data. Sideslip derivatives obtained
from the basic data (figs. 8 to 10) indicate positive effective dihedral and a
reasonably high level of directional stability that is essentially invariant with
angle of attack. The directional characteristics apparently result from favorable
effects of the nacelle installation (fig. 9). Increasing the wing sweep from 65°
to 80° at M = 2.20 (figs. 9 and 10) resulted in an increase in directional sta-
_bility and in the positive dihedral effect.

_ Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., June 27, 1963.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:
Leading-edge sweep, deg
Span, in. .
Area, sq ft . .
Mean aerodynamic chord in.
Incidence, deg .
Airfoil section, normal to T E

Horizontal tail:
Leading-edge sweep, deg
Span, in. . .
Taper ratio
Area, sq ft
Dihderal .

Airfoil section

Vertical tail:
Leading~edge sweep, deg
Span, in. o« o s e
Taper ratio
Area, sq ft

Nacelles:

Small
Inlet capture area, sq ft . .
Duct exit area (no choke), sq £t
Duct exit area (with choke), sq ft

Large
Inlet capture area, sq ft . .
Duct exit area (no choke), sq £t
Duct exit area (with choke), sq ft

65
18.70
1.230
10.85

1.0
64A207

45
10.06
0.3h4
0.213

0
65A003

60
5.1k
0.177
0.205

0.0123
0.0123
0.0107

. 0.0154
0.015k
0.0118

80
14.73
1.208
12.80

1.0
64A207
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Figure 2.- Longitudinal aerodynamic characteristics for various combinations of model components.
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A= 800; small horizontal outboard nacelle.
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Figure 2.- Continued.
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Figure 2.- Concluded.
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the complete configuration with 65° sweptback wings and small horizontal outboard nacelles.
M= 2.20.
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Figure 5.- Effect of horizontal-tail deflection on the longitudinal aerodynamic characteristics of
the complete configuration with 80° sweptback wing and small horizontal outboard nacelles.
M = 2.20.

17



i

il AR
g
g

HiH

3esas

%ﬁ g ﬂ% :

Ll
y;gmﬁ:u :;?fm ft
-6 s

HrE

T

.

}fi b

h i ﬁ
!ii HH: HE
HH

| .

Figure 5.- Concluded.

18 .




e

e e
%% S Nacelle
i

i O  Small horizontal outboard
- :ﬂg o  Small horizontal inboard
ﬁ T & Small lower outboard @ i
i i & Large horizontal outboard {iii:
R N Off
H %&ﬂﬁ%ﬁﬁ miE
R
o i
i
i T

%ﬁ = ; it
ity S : %_m
S i
1 E ﬂ%%iﬂ
g it % %%
. P
i i
i 4@%
L
i
i il
i =m§&ﬁ-ﬁwﬁ
o .
i i e
4m m %::ﬁé g%ﬁ
| | o
a, deg i ; I e
0 i KF%%E :
,Eﬁ‘ i :
o
H £13
-8'.3 | 2 3 4 S 6 7

Figure 6.~ Effects of various nacelles and nacelle positions on the longitudinal aerodynamic
characteristics of model with 65° sweptback wing. M = 2.20.



20

oj—

.08

06

04

02

e

it

tt:zﬁgiﬁkﬁﬁﬂizﬂ-:

s

o

et

Hit

Tt

m__ 384! 'g,,*li.::. :;Eﬁzz:

iz,

111

Nacelie

Small horizontal outboard

Small horizontal inboard

Small lower outboard

Large horizontal outboard

r><o0o0

Off

S

; e

EEE

Fors
e

et

e
£

S Eﬁéﬁ‘ﬁéﬁ
Eii e t
o
i
B3t

i

i

W m

T
-
e
-
it
w
=
-
z

Figure 6.- Concluded.



08

06 i

WBVHN
WBVH
WBHN
WBH

04k %:: . -

i
s
> o o o

Ch 02

st i
0 e - :
HE e ‘ -
_.02 5 1 T R R e R A R R R R e e e e e e

e

i

—-.02

.............

FK% HEHE

::ﬁ:ﬁ

B, deg

(a) « = -0.1°

Figure T.- Effect of vertical tail on lateral aerodynamic characteristics of model with and without
small horizontal outboard nacelles. A = 650; M = 2.20.



.08

.06

04

—.02

—04

.02

—.02

—04

i25ss

o WBVHN
o WBVH
i B
st O WBHN
& WBH
i
4q 8 12 16 20 24
B,deg
(b) @ = 4.%°,

Figure T7.- Continued.




Cn

08

.06

04

02

-02

—04

02

—02

—04

i

%Egi{ it ﬁ

(c)

Figure 7.- Concluded. »

8

Bldeg

a = 8.6°.

20

e




Cn

Figure 8.- Effect

24

012

HH
008 :
HE i
004 [l L
-004 it 0
; : 2004
of H i - 006
o1l
-0z
e :
-03 4 i
-2 0 4 6 8 10 12

a, deg

of vertical and horizontal tails on lateral stability derivatives of model with
small horizontal outboard nacelles. A = 80°; M = 1.41.
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